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Abstract 
In order to solve the problem of Multi-Mode Resource Constrained Project Scheduling Problem (MMRCPSP), this 
paper suggests Genetic Algorithm (GA) by hierarchical coded. In the first layer, the chromosomes are used to choose 
the activity sequence. In the second layer, the chromosomes are used to decide the combination of activity modes. 
The chromosomes produced by the Activities Resource Competition Relation (ARCR) are coded by binary code. 
That is to say, the subsequent operation will be improved by mature algorithm including selection, crossover and 
mutation. Finally, programing used PSBLIB standard data shows that this algorithm is feasible. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
Resource constrained project scheduling problem, a NP problem, is difficult to solve but easily verified 
in polynomial time problem. General classic algorithms can not solve the problem or the computation time 
is too long that we can not accept it. On the basis of the RCPSP, MMRCPSP increases mode selection of 
the activity, then the complexity is greatly increased. For this problem, most scholars use heuristic 
algorithm [1], which has features of solving Large-scale problems. Genetic algorithm, which is an 
imitation of biological evolution process, is favored by scholars as main algorithm to solve MMRCPSP. 
2.Mode of MMRCPSP 
MMRCPSP is an issue of scheduling according to the priorities of beginning time and resource 
constraints of activities. Each activity probably includes more limited executive model. Execution time and 
required resources of activities reflect different demanding by this kind of model. Once the activity mode is 
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selected, this event will be implemented in the model and can not be interrupted during the implementation 
period [2][3]. 
Here Tn denotes the project duration that n activities constitute; Ck denotes the total consumption of 
resource k in the project; Si denotes the starting time of activity i; dmi denotes the time constraints of 
activity i under the adopted mode m; Pi denotes the successive activity set of activity i; rmik denotes the 
daily consumption of the resource k for activity i under the mode m; Rk denotes the daily supply of resource 
k; Ak denotes executing collection activities at t moments. 
This model has kinds of target functions. This essay will discuss the objective function based on the 
integrated goal of the shortest project duration and the minimal resource consumption. The objective 
function is defined as follow: 
( )nn CT βα +min                          (1)  
  α: Project duration factor  
  β: Consumption factor of resource k
Time constraint is the first demanding for project scheduling. That is to say, subsequent activities of 
activity i can start only  when the activity i has been completed.  
                          jmii sds ≤+ , iPj ∈∀  (2) 
Resource constraint relations are the second demanding for project scheduling. That means, at t 
moment, the consumption of resource k in all activities being carried out can’t exceed its applied amount. 
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3.GA based on hierarchical coding 
Genetic Algorithms starting from an initialize group that represent a potential solution set of problem,  
according to the principle of survival of the fittest, generational evolution to produce more and better 
approximate solution. In every generation, select individual by individual fitness in the problem domain, 
then crossover and mutation with genetic operators, create a new species. In the Genetic Algorithm, 
Coding is a transformation method which needs convert the solution space from a matter of feasible 
solutions to the genetic algorithm can handle the search space. Coding is the basis of the genetic algorithm.  
To salve MMRCPSP, we must not only consider time constraints, but also consider the influence of the 
total performing caused by mode choice and the demanding of the resource in executive moment. 
Due to a project has n activities, at the same time, every activity has m modes and each mode is 
occupied with different time and resources. However, the first and the last activity in project are virtual 
activities, which have only one kind of mode. It must be sampled (n-2)!×mn-2 times to give accurate 
calculation. The huge calculation can not be acceptable. In order to get the satisfaction solution for project 
scheduling in acceptable time[4]-[7]. This article presents a genetic Algorithm by hierarchical coding. 
3.1.The first layer coding based on ARCR 
Similar to SMRCPSP, MMRCPSP should first solve the issue of execute sequence of the activities. 
However, directly coding for sequence of activities may get some improper chromosomes which don’t 
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accord with the time constraint relations and lead to follow up the crossover and mutation process difficult 
to achieve. This article adopts the coding method of the matrix of activities resource competition relations. 
The activity relations are represented by adjacency matrix and figured out its reachability matrix. The 
position of 0 in the reachability matrix (row i, column j) signifies activity i and activity j are facing 
scheduling choice. In order to make the subsequent operations convenient, firstly, negate 0 and 1 in the 
matrix, number those 1’s positions in the upper triangular matrixes of the reachability matrix by priority of 
row. This is the matrix of activities resource competition relations. The project as shown in figure 1 which 
activities resource competition relations matrix is shown in figure 2. These figures identifies chromosome 
coding digits, namely, determines the structure of chromosomes. Let kij denote the winner of competing 
resource k between activity i and activity j, so each sequence of chromosomes is defined as: 
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Random to chromosome every assignment for 0 or 1, this series is a gene.  
Figure 1. Activities relation 
Figure 2. The matrix of activities resource competition relations  
3.2.The second layer coding based on the mode combination 
Assume there being a total of n activities and every activity has m modes, so there are mn-2 activity 
modes in total. Some studies using character string coding activities combination. This article introduces 
binary system to simplify the follow operation. 
It needs ⎥⎥
⎤
⎢⎢
⎡ ⎟⎠
⎞⎜⎝
⎛ − 2
2log
nm
  binary digits at least to indicate mn-2 mode, the symbol ⎡ ⎤x   means to round up x.
If x2 represent the second level code, the code of the activity i is  
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Tab. Ⅰ shows the activities relation of project information as shown in table 1.The activity has 36
mode combinations, it need 
10632log =⎥⎥
⎤
⎢⎢
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⎞⎜⎝
⎛
 binary digits. 
TABLE I. ACTIVITY INFORMATION
Activity 
number 
Mode
number 
Duration
(day) 
Resource 
1 2 3 4 
1 1 0 0 0 0 0 
2
1 2 0 7 0 9 
2 8 7 0 0 9 
3 10 6 0 0 9 
3
1 1 0 2 4 0 
2 5 0 2 0 3 
3 7 0 1 4 0 
4
1 4 9 0 0 5 
2 6 7 0 10 0 
3 10 0 2 0 3 
5
1 2 0 3 0 2 
2 3 0 3 9 0 
3 5 0 2 8 0 
6
1 1 0 4 9 0 
2 6 0 4 8 0 
3 7 0 2 6 0 
7
1 1 0 10 0 10 
2 6 0 9 0 2 
3 10 0 9 5 0 
8 1 1 0 0 0 0 
Combine the first layer of the activity execution sequence coding with second activity modes to 
constitute a complete chromosome structures. It can be proved that coding bits is largest when there is no 
sequence limitation among project activities: 
                      ⎥⎥
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Coding bits is smallest when there is only one route for activity conduct among project activities: 
                       ⎥⎥
⎤
⎢⎢
⎡ ⎟⎠
⎞⎜⎝
⎛ −= 22logNmin
nm               (7) 
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3.3.Decode and  calculatin of  fitness  algorithm  
The core in genetic algorithm is decoding. Fitness calculation every time, need first decode 
chromosome to into the scheduling sequence, and then calculate the fitness function.  
Decoding algorithm is shown in Figure 3. First step, generate an empty sequence; the second step, find 
the first activity i which is not ordered in the relationship matrix and find another one in the follows of 
activity i. If it does not exist, we will put activity i directly into the scheduling sequence and calculate 
executive mode by the second layer, yet it exists, we have to record the number j, that is to say, the position 
exists resource competition between activity i and j, now, select the first gene encoding to determine their 
priorities.  
In search of the position of chromosomes, judge the value. If it is 1, order to j. If it is 0, order to i. It can 
determine the competition results between the activity i and activity j. Get the winner of the competition in 
comparison with subsequent activities one by one. Calculate executive mode by the second layer code and 
output the activity schedule sequence. Repeat former steps until the last activity is ordered.  
Figure 3. Progress of decoding 
3.4.The selection, crossover and mutation algorithm 
Let Pc denote the intersect probability, C denote population size, Fmax(Pk) denote the fitness of the best 
individual in population, and  T is the count of the best individuals. If Pc×C is larger than T, select T
individuals from the Pc × C to ensure the best individuals survive. While the rest of the Pc×C-T were 
used roulette method to select probability based on fitness function.  
The best chromosomes remain unchanged, and for chromosomes crossover operation, the first codes 
crossing in first layer, so do the second layer. Chromosomes in two layers are crossing independently of 
each other. This paper suggests two-point crossover. Retaining the optimal genes, two neighboring genes 
in the rest intersect each other. The concrete process is that create two random numbers as the cross 
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positions, then divide the two genes into three sections at their location, exchange the middle section to 
create new genes.
The mutation operation is that select a number between 0 and 1as a single uniform mutation operator. 
According to mutation probability Pm, the mutation operation for each component on chromosome A which 
length is L, randomly selected Pm ×L clips in each pair of genes and re-generated the bits to achieve the 
variation purposes. 
4.Program verification 
The case was verified by compiling a computer program. We set population size in 20-50, crossover 
probability 0.1-0.3, mutation probability 0.05-02, and evolution generation 20. Then the number of results 
shown in Figure 4: 
 
Figure 4.  The result of sample data evolution 
The best parameters are convinced for the calculation by testing. The best choosing probability is 10%-
20%, the best variation probability is 10%-20%. And we use the parameters to calculate several kinds of 
More Mode Resources Project Scheduling Problem downloaded from standard test data in PSPLIB [8]. 
The result shows that calculation will get acceptable feasible solution under the certain parameters scope. 
The testing result is shown in Tab. Ⅱ.
5.Summary 
This article designs hierarchical chromosomes code genetic algorithm to solve MMRCPSP. In the first 
layer, based on the ARCR, generate the coding string to choose the activity as sequence. In the second 
layer, the coding string decides activity patterns. The binary system coding is adopted by the two layers. 
Through the establishment of multi-mode resource constrained project scheduling optimization model, the 
algorithm can effectively solve the time and resources limited and scheduling activities. In the planning 
period, the algorithm realizes the project’s objectives, makes time or resources got optimization. The 
algorithm is verified by calculating PSPLIB data model. 
TABLE II. EXPERIMENTAL DATA
Experimental 
data
Number 
of 
activities 
digits of 
first
layer
code
digits of 
second
layer
code
Population
size 
choosing
probability
variation 
probability
Target
time 
Average
evolution
j203_2 50 98 32 50 0.2 0.1 20 12 
j203_5 50 102 32 50 0.2 0.1 15 38 
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j205_7 50 90 32 50 0.2 0.1 36 43 
j206_3 50 92 32 50 0.2 0.1 25 58 
j207_3 50 88 32 50 0.2 0.1 26 87 
j209_1 50 91 32 50 0.2 0.1 31 75 
j2010_1 50 95 32 50 0.2 0.1 19 15 
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